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Description 

This invention relates to a biosensor according 
to the preamble of Claim 1 and also to a method 
for producing the same. 5 

In recent years, a variety of biosensors have 
been developed using specific catalytic actions of 
enzymes, and their applications to the clinical and 
examining field have been attempted. As inspection 
items and specimens are now increasing, there is a io 
demand for biosensors which permit rapid and 
accurate measurements. 

With a sensor for glucose, for instance, since 
diabetics are drastically increasing in number, the 
measurement and control of blood-sugar levels by 75 
hitherto employed procedures in which the blood is 
centfifugated to obtain plasma and subjected to the 
measurement, takes a relatively long time. Thus, a 
sensor of the type which enables one to measure it 
with the whole blood Ms now required. In the 20 
simplest form, there is known a sensor which in- 
cludes, similar to a urine test paper, a support and 
a carrier formed on the support and containing an 
enzyme reacting only with glucose and a dye 
which undergoes a change at the time of the en- 25 
zyme reaction or with a product formed during the 
enzyme reaction. The blood is added to the carrier, 
and a change of the dye after a certain period of 
time is measured visually or optically. However, 
this system is disadvantageous in that colored mat- 30 
ters in the blood greatly Interfere with the measure- 
ment, resulting in a low accuracy. 

A biosensor of the type corresponding to the 
preamble of claim 1 (shown in Fig. 1) has been 
described in EP-A-0 136 362 as a system in which 35 
a specific component in a biological sample Is 
quantitatively determined in high accuracy. This 
biosensor includes an insulating substrate 7, a 
measuring electrode 8 and a counter electrode 9 
primarily made of platinum, which have, respec- 40 
tively, leads 10. 11. embedded In the substrate 7. 
and a perforated body 12 which covers exposed 
portions of these electrodes and carries an oxido- 
reductase and an electron acceptor. When the liq- 
uid sample is dropped on the perforated body, 45 
whereupon the oxido-reductase and the electron 
acceptor in the perforated body dissolve in the 
sample liquid, thus permitting the enzynrie reaction 
with a substrate in the liquid sample to proceed. As 
a result, the electron acceptor is reduced. After 50 
completion of the enzyme reaction, the reduced 
electron acceptor is electrochemically oxidized and 
a concentration of the substrate in the liquid sam- 
ple is determined from a current for the oxidation. 

In this arrangement, although the measurement 55 
can be performed simply by replacing the perfo- 
rated body every measurement, additional proce- 
dures, such as washing, are undesirable for the 



electrode system. If parts including the electrodes 
could be disposably replaced whenever the riiea- 
surement is effected, the measuring procedure 
would become very sirnple but the system would 
be very expensive In view of the electrode materi- 
als such as platinum and the arrangement. Al- 
though the platinum electrodes may be formed by 
a sputtering method or a vacuum evaporation 
method, they are still expensive in view of the 
manufacture. 

The reference J. Agric. Biol. Chem. volume 49 
(2), 541 - 543 (1985) describes the use of a glu- 
cose oxidase-immobilized carbon paste electrode 
as a glucose sensor. According to this reference 
the enzyme is immobilized on the surface of a 
carbon paste electrode by coating the surface of 
the electrode with a nitrocellulose film. 

It is therefore the object of the present Inven- 
tion to provide a biosensor which measures a spe- 
cific component in a biologial sample simply, rap- 
idly and in high accuracy and, furthermore, can be 
handled easily and manufactured simply. 

According to the invention this object Is 
achieved by providing a biosensor according to the 
preamble of claim 1 with an electrode system 
made primarily of carbon and covering the surface 
of at least the measuring electi-ode with albumin or 
glucose oxidase. 

The invention is advantageously developed by 
the measures mentioned in the subclaims. 

Rg. 1 is a schematic view of a known sensor 
for glucose using an enzyme electrode; Rg. 2 is a 
schematic view of a biosensor according to one 
embodiment of the invention; Rg. 3 is a longitudi- 
nal section of the biosensor shown in Rg. 2; Rgs. 
4,5, and 6 are, respectively, response characteris- 
tics of the biosensor shown in Fig. 2; Rg. 7 is a 
schematic view of a biosensor according to another 
embodiment of the invention; and Fig. 8 is a lon- 
gitudinal section of the biosensor shown in Pig. 7. 

Example 1 

A sensor for glucose is described as one em- 
bodiment of a biosensor. Fig. 2 shows one embodi- 
ment of a sensor for glucose and is ah exploded 
view for constituent parts. A conductive carbon 
paste containing a resin binder is printed, by 
screen printing, on an insulatlve base 12 made of 
polyethylene terephthalate in the form of parallel 
stripes, followed by heating for drying to form an 
electrode system consisting of a counter electrode 
13, a measuring electrode 14 and a reference 
electrode 15. The electrode system is partially cov- 
ered, after which an insulatlve paste mainly com- 
posed of a polyester is printed in the same manner 
as described above while leaving portions 13*. 14* 
and 15' (each 1 mm^ in area) of the respective 
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electrodes acting as electrochemical sites, followed 
by heating to form an insulative layer 16. Subse- 
quently, the exposed portions 13*, 14' and 15' are 
polished and subjected to heat treatment in air at 
lOO^Cfdr 4 hours. 

Thereafter, a punched holding frame 17 of a 
synthetic resin such as a polyester is adhered to 
the insulative layer 16. A peirforated body 18 hav- 
ing an enzyme and ah electron acceptor Is placed 
in the hole of the frame 17 so that the electrodes 
13', 14* and 15' are completely covered. A resin 
cover 19 having an opening which is smaller than 
the outer dianheter of the pierforated body 18 is 
adhered, thereby obtaining an integrally assembled 
sensor. The sectional view of this biosensor taken 
along the the measuring electrode 14 Is shown in 
Rg. 3. The perforated body used above is fab- 
ricated as follows: a nylon non-woven fabric Is 
provided as a base; the base is dipped in a solu- 
tion of 200 mg of glucose oxidase as an oxydo- 
reductase and 400 mg of potassium ferricyanide as 
an electron acceptor dissolved in 1 mi of a phos- 
phate buffer solution containing 0.25 wt% of a 
surface active agent (polyethylene glycol alkyl- 
phenyl ether) and having a pl-l of 5.6 and im- 
mersed in ethahol containing 0.25 wt% of a surface 
active agent for crystallization; and the thus im- 
mersed ba^e is dried under reduced pressure to 
obtain a perforated material. 

A glucose standard solution provided as a liq- 
uid sample was dropped in the perforated body of 
the thus fabricated sensor. Two minutes after the 
dropping, a pulse voltage of 700 mV based on the 
reference electrode was applied, by which the 
measuring electrode was polarized anodically. 

In this Case, the added glucose reacts with 
potassium ferricyanide by the action of the glucose 
oxidase contained in the perforated body 18 to 
form potassium ferrocyanide. Upon the application 
of the pulse voltage for the anodic polarization, a 
current for the oxidation in proportion to a con- 
centration of the formed potassium ferrocyanide is 
obtained. This current value corresponds to a con- 
centration of the glucose substrate. 

Fig. 4 shows the relation between a current 
obtained 10 seconds after application of the voltage 
and a glucose concentration as one of response 
characteristics of the sensor, revealing a very good 
linearity. 

Example 2 

The procedure for fabricating the sensor for 
glucose as described in Example 1 was repeated 
except that the thermal treatment after polishing of 
the carbon electrodes was effected at 100°C, 70°C, 
60°C and 50°C, and that the heat treatment was not 
effected, thereby fabricating a plurality of sensors 



for each case. These sensors were kept at 
30°Cand their variation in response to the glucose 
standard solution was determined. Fig. 5 shows a 
variation of a response current relative to an Initial 

5 response current taken as 100% for the sensoirs 
using the electrodes thermally treated at different 
temperatures. As will be clearly seen from the 
figure, the variation of the response accompanied 
by the storage is not so great when the treating 

TO temperature is 60°C or higher. However, such a 
variation is great for 50°C and also for the non- 
treatment. This is considered to result from the fact 
that the exposed surface portion of the polished 
carbon printed electrodes Is not stabilized. When 

75 the electrode surface was not polished, a response 
current was about 1/3 of that of polished elec- 
trodes. The difference in response current between 
the polished and non-polished electrodes is consid- 
ered to be attributed to partial covering of the 

20 carbon surface with a resin component contained 
as a binder in the paste. Polishing can remove the 
resin binder from the cartwn electrode surface and 
can uniformly smooth the electrode surface. In 
addition, the heat treatment at temperatures not 

25 lower than 60°C, preferably 60 - 17d°C. for 1 - 8 
hours permits the the exposed electrode portion to 
become stabilized. 

According to our experiments, when the heat 
treatment was effected at a temperature of 70 - 

30 150°C for 4 hours, good results weire obtained in 
that the variation in response current after storage 
was very small. 

Good results cannot be obtained when the heat 
treatment is effected at temperatures not highisr 

36 than 50°C as discussed above. On the contrary, the 
heat treatment at temperatures higher than 170°C 
should rather be avoided because the polyethylene 
terephthalate substrate of the sensor tends to un- 
dergo thenmal deterioration and the resin binder in 

40 the carbon paste is apt to deteriorate. 

Example 3 

Similar to the procedure described in Example 
45 1, electrodes were formed on an Insulative base 
and, after polishing, were thermally treated at 
100°C for 4 hours. Thereafter, an aqueous solution 
of albumin (50 mg/ml) was dropped over the sur- 
face of the electrode portions 13', 14* and 15* and 
50 allowed to stand for 5 - 10 minutes, followed by 
washing with water to remove an excess of the 
alubmin and drying. By the above procedure, the 
albumin was adsorbed on the respective electrode 
surfaces. 

55 After formation of the electrode system partially 
covered with the albumin, sensors for glucose were 
made In the same manner as in Example 1. 

A serum sample containing about 90 mg/dl of 
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glucose was dropjaed in position of the 10 glucose 
sensors fabricated above. After 2 minutes, a pulse 
voltage of 700 mV was applied for measurement in 
the same manner as in Example 1. Good reproduc- 
ibility was attained as shown in A in Rg. 7. On the 
other hand, glucose sensors were fabricated in the 
same manner as described above but using elec- 
trodes not subjected to adsorption with albumin. 
These sensors were subjected to measurement in 
the same manner as set forth above. As shown in 
B in Pig. 7, the variation of the response current is 
greater than that of A. A and B are both indicative 
of the response current for 10 glucose sensors 
fabricated in the same manner, but the difference 
in reproducibility depending on the adsorption 
treatment is considered to ascribe to the difference 
in adsorbability of adsorbates, such as proteins, in 
the serum sample on the electrodes. As Is seen 
from A, the electrodes adsorbing sufficiently with 
alubrnin can prevent the response current from 
scattering. 

Instead of alubmin, an aqueous solution of glu- 
cose oxidase (100 mg/ml) was used for the treat- 
ment In the same manner as described above, with 
the result that the response characteristic of a high 
reproducibility was obtained. 

If at least measuring electrode among the elec- 
trodes is subjected to the adsorption treatment, 
similar results are obtained. 

Example 4 

In the same mainner as in Example 3, an 
albumin-coated electrode systenh wds formed on 
an insulative base. Rg. 7 shows an exploded view 
of a sensor prior to assembling. A tlquid-retalning 
layer 23 made of a perforated rayon non-woven 
fabric is placed, while controlling the height by 
means of two resin plates 22 serving as a spacer, 
In order to cover an electrode system therewith. 
Then, a filtration layer 21 made of a polycarbonate 
film and having a pore size of 1 um is mounted on 
the layer 23 arid fixed with a holding frame 17. An 
enzyme and electron acceptor-bearing perforated 
body 18 and a sample addition layer 20 made of a 
cellulose non-woven fabric, both in the form of a 
disk, are placed In the hole of the holding frame 
17. A resin cover having an opening which has a 
diameter smaller than the outer diameters of the 
perforated disk body 18 and the sample addition 
layer is adhered, thereby obtaining an integral 
combination. A sectional view of the thus Integrally 
combined biosensor taken along the measuring 
electrode 1 is shown in Rg. 8. 

In the same manner as in Example 1 . glucose 
oxidase and potassium ferricyanlde were incorpo- 
rated in the perforated disk body 18. Glucose sen- 
sors using this perforated body 18 were fabricated. 



The blood (whole blood) was added to each sen- 
sor, whereupon it was rapidly spread over and 
through the entire surface of the sample addition 
layer 20. While the enzyme and potassiurh fer- 
5 ricyanide in the perforated body 18 were being 
dissolved in and permitted to react with the blood, 
red ceils were filtered by means of the filtration 
layer 21 . The resultant filtrate alone was absorbed 
in the liquid retaining layer 23. allowing a reaction 
10 solution to be collected on the electrode portions 
13', 14' and 15' in an amount enough to cause the 
electrode reaction to proceed. In this manner, the 
glucose in the blood reacted in the same manner 
as in Example 1 and a concentration of the glucose 
15 could be detected through the electrode system. 

It will be noted that the technique of integral 
assembling of a biosensor of the invention is not 
limited to those shown in the examples with re- 
spect to the shape and combination of the frame, 
20 the cover and the like. 

The types of materials for the liquid-retaining 
layer, the sample addition layer and the filtration 
layer are not limited to those shown in the exam- 
ples, but any materials which meet the purposes of 
25 the invention may be used. 

On the other hand, reference has been made 
to, in the above examples, the three^electrode sys- 
tem, but the measurement would be possible using 
a two-electrode system consisting of a counter 
30 electrode and a measuring electrode. 

As for the electron acceptor incorporated in the 
perforated body 18, the potassium ferricyanide 
used in the examples is convenient because the 
reaction proceeds stably. On the other hand, p- 
35 benzoquinone is suitable for high-speed measure- 
ment because of the high reaiction rate. Alternative- 
ly. 2,6-dichlorophenol indophenol, methylene blue, 
phenazine methosulfate, potassium beta- 
naphthoquinone-4-sulfonate and the like may also 
40 be used. 

The sensors described In the examples may 
be applied not only to glucose, but also to systems 
relating to oxydo-reductases, for example, as an 
alcohol sensor, a cholesterol sensor or the like. 
45 Glucose oxidase has been used as an oxydo- 
reductase, but other enzymes such as, for exam- 
ple, alcohol oxidase, xanthine oxidase, cholesterol 
oxidase and the like rnay also be used. 

The biosensor of the invention can be used to 
50 measure a specific component in various biological 
liquid samples rapidly, accurately and simply and 
has very high utility In clinical examinations. 

LIST OF REFERENCE NUMERALS IN THE 
55 DRAWINGS: 

1 support 

2 reagent layer 
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Claims 





1. A biosensor of the type which comprises 

an insulatlve base (12) having an electrode 
system which includes at least a measuring 
electrode (14, 14') and a counter electrode (13, 
13') and which is covered with a perforated 
body (18) having ain enzyme and an electron 
acceptor, said perforated body (18) being in- 
tegrally combined with said electrode system 
and said base (12). wherein said biosensor 
electrochemically detects a variation in con- 
centiration of a substance occurring during re- 
actions between an oxidoreductase. an elec- 
tron acceptor and a liquid sample to measure 
a concentration of a substrate in said sample 
liquid, characterized in that 

said electrode system is made primarily of 
carbon and the surface of at least said measur- 
ing electrode is covered with albumin or glu- 
cose oxidase. 

2. A biosensor according to claim 1 . wherein said 
electrode system is covered by a liquid retain- 
ing layer (23), said perforated body (18) and a 
sample addition layer (20) superposed in this 
order. 

3. A biosensor according to Claim 2, wherein a 
filtration layer (21) is provided on the liquid- 
retaining layer (23) covering said electrode 
system. 

4. A biosensor according to Claim 2. wherein the 
electrode system mounted on said insulatlve 
base is covered with the liquid-retaining layer 
(23) whose height is regulated with two resin 
plates (22); a filtration layer (21), said perfo- 
rated body (18) and said sample addition layer 
(20) which are held by a resin holding frame 
(17) are placed on the liquid-retaining layer 



(23). and said holding frame (17) is fixed to 
said base; and a resin cover (19) is provided 
on the upper surface of said holding frame (17) 
and has an opening whose diameter is smaller 
5 than the outer diameters of said perforated 

body (18) and said sample addition layer (20). 

5. A method for prcklucing a biosensor according 
to Claim 1, comprising: providing an insulatlve 

10 base, printing or applying a carbon paste on 
said base to form an electrode system Includ- 
ing at least a measuring electrode and a coun- 
ter electrode, polishing the suriace of the re- 
spective electrodes, subjecting the polished 

75 electrodes to a thermal treatment at a tempera- 

ture of 60-170 'C for 1-8 hours, covering the 
electrode systenfi paHially with albumin or glu- 
cose oxidase by adsorption, covering the elec- 
trode system with a perforated body having an 

20 enzyme arid ah electron acceptor therein, and 
integrally combining said perforated body with 
said electrode system and said insulatlve base. 

6. A method for producing a biosensor according 
25 to Claim 5, wherein the thermal treatment Is 

effected at a temperature of 70 to 150 * C for 4 
hours. 

Patentanspriiche 

30 

1. Biosensor, umfassend: 

eine isollerende Basis (12) mit einem Elek- 
trodensystem, das wenlgstens eine Mei3elek- 
trode (14, 14') und eine Gegenelektrode (13, 

35 13') umfaBt und das mit einem periorierteri 

Korper (18). der ein Enzym und einen Elektro- 
nenakzeptor aufweist, bedeckt ist, wobei der 
periorierte Korper (18) und mit dem Elektro- 
densystem und der Basis (12) integriert zu- 

40 sammengefugt 1st, wobei der Biosensor elek- 

trochemisch eine wahrend der Reaktion zwi- 
scheh einer Oxidoreduktase. einem Elektronen- 
akzeptbr und einer flussigen Probe eriolgende 
Korizentratiohs3nderung einer Substanz ermit- 

45 telt, um die Kdnzentration eines Substrats in 
der genannten flUsslgen Probe zu messen, da- 
durch gekennzelchnet. daB 

das Elektrodensystem hauptsachlich aus 
Kohlenstoff besteht und die Oberflache von 

so wenlgstens der MeBelektrode mit Albumin Oder 
Glukoseoxidase bedeckt ist. 

2. Biosensor nach Anspruch 1 , wobei das Elektro- 
densystem mit einer FIQssigkeitsrOckhalte- 

55 schicht (23), dem perforierten Korper (18) und 

einer ProbenhinzufOgeschicht (20). In dieser 
Reihenfolge Ubereinandergeschichtet. bedeckt 
ist. 
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3. Biosensor nach Anspruch 2, wobei sich eine 
Filtrierschicht (21) auf der das Elektrodensy- 
stem bedeckenden FIQssigkeltsrQckhalte- 
schicht (23) befindet. 

4. Biosensor nach Anspruch 2, wobei das auf der 
isotleriBnden Basis angebrachte Elektrodehsy- 
stem mit der FlUssigkeitsrQckhalteschicht (23). 
dereh Hohe mittels zweier Harzplatten (22) eln- 
gestetit wird, bedeckt ist und eine Filtrier- 
schicht (21), der perfbrierte Korper (18) und 
die ProbenhinzufOgeschicht (20), die mittels ei- 
nes Halterahmens aus Harz (17) gehalten wer- 
den, auf die FlUssigkeitsrQckhalteschicht (23) 
gelegt werden und der Halterahmen (17) an 
der Basis fixiert wird sowie sich auf der oberen 
Oberflache des Halterahmens (17) eine Harz- 
abdeckurig (19) befindet, die eine Offnung auf- 
weist, deren Durchmesser kleiner ist als die 
auBereh Durchmesser des perfbrierten Korpers 
(18) und der ProbenhinzufOgeschicht (i20). 

5. Verfahren zur Herstellung eines Biosensors 
nach Anspruch 1 , umfassend: 

- Bereitstellen einer isolierenden Basis. 

- Aufdrucken Oder Anbringen einer Kohlen- 
stoffpaste auf der Basis, um das Elektro- 
derisystem mit wenigstens einer Mefl- 
elektrode und einer Gegenelektrode zu 
bilden. 

- Poliefen der OberflMchen der entspre- 
chenden Elektroden, 

- thermisches Behandein der pblierteri 
Elektroden bei einer Temperatur von 60 
bis 170*C fUr eine Dauer von 1 bis 8 
Stunden. 

- teilweises Abdecken des Elektrodensy- 
stems mit Albumin Oder Glukoseoxidase 
durch Adsorption. 

- Bedecken des Elektrodensystems mit el- 
nem perforierten Korper, der ein Enzym 
und einen Elektronenakzeptor atifweist, 
sowie 

- ihtegriertes ZusammenfOgen des perfo- 
rierten Korpers mit dem Elektrodensy- 
stem und der isolierenden Basis. 

6. Verfahren zur Herstellung eines Biosensors 
nach Anspruch 5. wobei die thermische Be- 
handlung bei einer Temperatur von 70 bis 
150* C fUr 4 Stunden erfolgt. 

Revendlcations 

1. Un biocapteur qui comporte : 

une base isolante (12) comportant un dis- 
posltif d'^lectrodes qui inclut au moins une 
Electrode de mesure (14. 14') et une Electrode 



de comptage (13, 13') et qui est recouvert d'un 
corps perford (18) comportant une enzyme et 
un accepteur d 'Electrons, ledit corps perform 
(18) ^tant fait d'un seul bloc avec ledit dispost* 

5 tif d'^lecirodes et ladite base (12). dans lequel 

ledit biocapteur detecte electrochimiquement 
une variation de concentration d'une substance 
se produisant lors de reactions entre une oxy- 
dor^ductase, un accepteur d'electrons et un 

70 echahtillon de liquide. pour mesurer la concen- 
tration d'un substrat dans ledit ^chantillon de 
liquide, caract§ris6 en ce que : 

ledit dispositif d'^tectrodes est fait princi- 
palemeht de carbbhe, et la surface d'au moins 

75 ladite electrode de mesure est recouverte d'al- 
btimihe ou de glucoseoxydase. 

2. Un biobaipteur suivant la revendication 1. dans 
lequel ledit dispositif d'electrodes est recouvert 

20 d'une couche (23) retenant le liquide. dudit 

corps perform (18) et d'une couche (20) d'addl- 
tion d'^chahtillon. superposes dans cet oirdre. 

3. Un biocapteur suivant la revendication 2, dans 
25 lequel une couche de filtration (21) est placee 

sur la couche (23) retenant le liquide qui re- 
couvre ledit dispositif d'^lectrodes. 

4. Un biocapteur suivant la revendication 2, dans 
30 lequel le dispositif d'^lectrodes moiit^ sur ladi- 
te base isolante est cduvert par la couche (23) 
retenant le liquide dont la hauteur est r6gu\6e 
par deux plaques de resine (22) ; une couche 
de filtration (21), ledit corps perfore (18) et 

35 ladite couche d'addition d'echantillon (20) qui 

sont maintenus par un chissis (17) de main- 
tien en resine sont places sur la couche rete- 
nant le liquide (23), et ledit chassis de main- 
tien (17) est fixe a ladite t»ase ; et un couvercle 

40 eh rdsine (19) est plac^ sur la surface sup§- 
rieure dudit chassis de maintien (17) et com- 
porte une ouverture dont le diametre est plus 
petit que les diametres exterieurs dudit corps 
perform (18) et de ladite couche d'addition 

45 d'echantillon (20). 

5. Un precede pour prbduire un biocapteur sui- 
vant la revendication 1, consistant a : produire 
une base isolante. imprimer ou appliquer une 

50 pate de carbone sur ladite base pour former 

un dispositif d 'Electrodes comportant au moins 
une electrode de mesure et une electrode de 
comptage. polir la surface des Electrodes res- 
pectives. soumettre les Electrodes poties h un 

55 traitement thermique h une temperature de 60 

h 170*C pendant 1 ^ 8 heures, couvrir partiel- 
lement le dispositif d'electrodes avec de I'aibu- 
mine ou de la glucose-oxydase par adsorption, 
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couvrir le dispositif d'electrodes avec un corps 
perform comportant une enzyme et un accep- 
teur d'dlectrons. et combiner en un seul bloc 
ledit corps |>erfore avec ledit dispositif d'elec- 
trodes et ladtte base isolarite. s 

6. Un proc^d§ pour produire uh biocapteur sui- 
vant la revendlcation 5, dans lequel le traite- 
ment thermique est effectue a une temperature 
de 70 ^ 150 • C pendant 4 heures. io 
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@ BIOSENSOR AND METHOD OF MANUFACTURING SAME. 

@ The electrode systems (13, 14, 15) consisting mainly of 
carbon on an Insulated substrate (12), and the surfaces of said 
electrode systems are coated with an insulating layer (16) 
while parts (13', 14', 15') thereof being exposed. A porous 
member (18), which retains oxygen and electron receptors 
thereon, and a retainer frame (17) are then provided on the 
upper surface of the resultant product. A cover (19) having an 
opening with the diameter smaller than that of the porous 
member (18) is then placed on the resultant product, and all 
of these parts are combined integrally. Owing to such a con- 
struction, an inexpensive disposable biosensor capable of 
carrying out a measuring operation easily can be obtained. ' 
When heat-treated at 60-1 70°C for 1-8 hours during the form- 
ation of the electrode systems, the preservation stability of 
the biosensor can be improved. By subjecting the surfaces of 
the measuring electrodes to a protein adsorption treatment, 
the dispersion of response currents can be prevented. 



FIG. 3 
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SPECIFICATION 

TITLE OF THE INVENTION: 

BIOSENSOR AND METHOD FOR MAKING THE SAME 
TECHNICAL FIELD; 
5 This invention relates to a biosensor for 

quantitatively determining specific components in various 
biological samples accurately, rapidly and simply and 
also to a method for making the same« 
TECHNICAL BACKGROUND: 

10 In recent years, a variety of biosensors have been 

developed using specific catalytic actions of enzymes» and 
their applications to the clinical and examining field have 
been attempted. As inspection items and .specimens are nou 
increasing, there is a demand for biosensors which permit 

15 rapid and accurate measurements* 

With a sensor for glucose, for instance, since 
diabetics are drastically increasing in number, the 
measurement and control of blood-sugar levels by hitherto 
employed procedures in which the blood is centrif ugated to 

20 obtain plasma and subjected to the measurement » takes a 
relatively long time. Thus, a sensor of the type which 
enables one to measure it with the whole blood is now 
required* In the simplest form, there is known a sensor 
which includes, similar to a urine test paper, a support and 

25 a carrier formed on the support and containing an enzyme 
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reacting only with glucose and a dye which undergoes a 
change at the time of the enzyme reaction or with a product 
formed during the enzyme reaction. The blood is added to 
the carrier, and a change of the dye after a certain period 
5 of time is measured visually or optically. However, this 
system is disadvantageous in that colored matters in the 
blood greatly interfere with the measurement, resulting in a 
low accuracy. 

In order to overcome the above, there has been proposed 
la.... ^ multi-layered carrier for analysis as is particularly 
shown in Fig. 1 (Japanese Laid-open Utility Mtidfel 
Application No. 54-178495). This carrier includes a 
transparent support 1, on which are Superposed a reagent 
layer 2, a developing laiyer 3, a waterproof layer 4 and a 
15 filtration layer 5 in this order. Uheh a blood sample is 
dropped from the above, solid matters in the blood such as 
red blood cells, platelets and the like, are initially 
removed by means of the filtration layer 5, followed by 
uniform infiltration from a small hole 6 of the waterproof 
2b layer 4 toward the developing layer 3. At the reagent layer 
2, the reaction is caused to proceed. After completion of 
the reaction, light is applied from the direction of the 
arrow through the transparent support 1 to measure a 
substrate concentration by spectroscopy. As cbmparefd with 
25 the known simple stick carrier, this carrier has a 
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complicated structure but the removal of blood cells is more 
improved* However, it takes a long time for ^ the 
infiltration and the reaction of the blood corpusclest so 
that the uaterproof layer 4 for preventing the sample from 

5 drying is essential » with an attendant problem that the 
equipment and the carrier become complicated* 

On the othier hand» a biosensor of the type ias shown in 
Fig« 2 has been proposed (for example t in Japanese Laid-open 
Patent Application No. 59^166852) as a system in which a 

10 specific component in a biological sample is quantit^atively 
determined in high accuracy without resorting to any 
procedures such as dilution of a liquid sample and 
agitation. This biosensor includes an insulative substrate 
7 9 a measuring electrode 8 and a counter electrode 9$ which 

15 have» respective! y» leads 10 • 11 f embedded in the .substrate 
7f and a perforated body 12 which covers exposed portions of 
these electrodes and carries an oxydo-reductase and an 
electron acceptor* Uhen the liquid sample is dropped on the 
perforated body, whereupon the oxydo-reductase and the 

20 electron acceptor in the perforated boy dissolve in the 
siample liquidt thus permitting the enzyme reaction with a 
substrate in the liquid sample to proceed* As a result » the 
electron acceptor is reduced* After completion of the 
enzyme reaction » the reduced electron acceptor is 

25 electrochemical 1 y oxidized and a concentration of the 
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substrata In the liquid sample is determined from a current 
■For the oxidation. ^ . . 

In this arranoemeht, although the measurement can be 
performed simply by replacing the perforated body every 
5 measurement, additional procedures, such as washing, are 
undesirable for the electrode system. If pairts including 
- the electrodes could be disposably replaced whenever the 
measurement is effected, the measuring procedure would 
become very simple but the system would be very expensive in 
10 view of the electrode materials such as platinum and the 

arrangement. Although the platinum electrodes may be formed 
by a sputtering method or a vacuum evaporation method, they 
-are still expensive in view of the mianuf acture. 

In order to measure a specific component in a 
15 biological sample such as blood simply, rapidly and in high 
accuracy, a desirable type of sensor is one which can yield 
measurements only by addition of a liquid sample to the 
sensor without dilution or weighing • In addition, a sensor 
of the disposable type is also desirable which does not 
20 involve any procedures such as washing, sampling* and the 
1 ike» 

DISCLOSURE OF THE INVENTION: 

A biosensor according to the invention is of the type 
which comprises an insulative base and an electrode unit or 
25 system comprising, at least, a nieasiurinig electrode and a 
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counter electrode and in which an oxydo-^reductaae^ an 
electron acceptor and a liquid sample are reacted with one 
another and a variation in concentration of a substance 
occurring during the reaction is el ectrochemical ly detected 
5 by means of the electrode system to determine a 

concentration of a substrate in the Sample liquid. In this 
biosensor » the electrode system is made primarily of barbon 
and is covered with a perforated body carrying an oxydo- 
reductase and ah electron acceptor therein so. that the 

10 electrode system and the base are integrally constituted* 
The electrode surface has been preliminarily coated with a 
protein, so that ah influence of proteins in samples, such 
as blood, on the electrodes by adsorption can be mitigated* 
Once the carbon electrodes have beeh subjected to a heat 

15 treatment in a predetermined temperature range, the 

electrodeis become stabilized with respect the activity or 
statie on the exposed portions, thereby improving storage 
stability* Moreover, when the electrode system and the base 
are formed integrally with not only the perforated body 

20 having an bxydo-reductase and an electron acceptor, but also 
a sample addition layer, a filtration layer and a liquid- 
retaining layer, one can cause the enzyme reaction with a 
substrate in liquid sample and the electrode reaction of the 
electron acceptor to proceed more smoothly. 

25 According to the invention, there is provided a 
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biosensor of the disposable type includirig a disposable 
electrode system, by which a substrate concenti*atl6n in a 
sample liquid, e.g» a glucose concentration in the blood, 
can be measured by a simple procedure of adding the liquid 
5 sample, in a rapid and highly accurate fashion without 
dilution and weighing. 
BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a schematic view of a known sehsbi- for 
glucose; Fig. 2 is a sbheniatie view of a known sensor for 
10 .glucose using an enzyme electrode? Fig. 3 is a schematic 
view of a biosensor according to one embodiment of the 
inventions Fig. 4 is a longitudinal section of the biosensor 
shown in Fig. 3; Figs* 5. 6 and 7 are, respectively, 
response characteristics of the biosensor shown in Fig. 3; 
15 Fig. 8 is a schematic view of a biosensor atcording to 
another embodiment of the invention; and Fig. 9 is a 
longitudinal section of the biosensor shown in iFig. 8. 
BEST MODE FOR CARRYING OUT THE INVENTION 
Example 1 

20 A sensor for glucose is described as one embodiment of 

a biosensor. Fig. 3 shows one embodiment of a Sensor for 
glucose and is an exploded view for constituent parts. A 
conductive carbon paste containing a resin binder is printed, 
by screen printing, oh an insulative base made of 

25 polyethylene terephthal ate in the form of parallel stripes. 
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followed by heating for drying to form an electrode system 
consisting of a counter electrode 13, a measurihg 'electrode 
14 and a reference electrode 15« The electrode system is 
partially cov;eredf after which an insulative paste mainly 
5 composed of a polyester is printed in the sartie manner as = . I 

described above while lea^^ing portions 13' # 14' and 15' | 

2 . ' 
(each 1 mm in area) of the respective electrodes acting as 

electrochemical sites, followed by heating to fbrih an 

insulative layer 16» Subsequently, the exposed, portions 

10 13' , 14" and 15" are pol ished arid subjected to heat 

treaitment in air at lOO^C for 4 hours* 

Thereafter, a punched hbl ding frame 17 of a synthetic j 

resin such as a polyester is adhered to the inisulative layer i 

. i 

16 ♦ A perforated body 18 having an enzyme and ah electron i 

I 

15 acceptor is placed in the hole of the frame 17 so that the 

electrodes 13', 14' and 15' are completely covered. A resiri I 
cover 19 having an opening which is smaller than the outer 
diameter of the per f or ia ted body 18 is adhered, thereby 
obtaining an integrally assembled sensor* The sectional 

20 view of this biosensor taken along the the measuring 

electrode 14 is shown in Fig* 4. The perforated body used 
above is fabricated as follows) a nylon non-woven fabric is 
provided as a base; the base is dipped in a solution of 200 
mg of glucose oxidase as an oxydo-reductase and 400 mg of 

25 potassium f err icyanide as an electron acceptor dissolved in 1 
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ml of a phosphate buffer solution containing 0.25 «tS{ of a 
surface active agent (polyethylene glycol alkylphenyl ether) 
and hawing a pH of 5.6 and immersed in ethanol cont*ining 
0.25 ut!{ of a surface active agent for crystal 1 ization J and 
the thus immersed base is dried under reduced pressure to 
obtain a perforated material . 

A glucose standard solution provided as a liquid sample 
was dropped in the perforated body of the thus fabricated 
sensor. Two minutes after the dropping-, a pulSe voltage of 
700 mV based on the reference electrode was applied, by which 
the measuring electrode was pblarized anodically. 

In this case, the added glucose reacts with potassium 
ferricyanide by the action of the glucose oxidase contained 
in the perforated body 18 to form potassium f errocyanide. 
15 Upon the application of the pulse voltage for the anodic 

polarization, a current for the oxidation in proportion to a 
concentration of the formed potassium ferrocyanide is 
obtained. This current value corresponds to a concentration 
of the glucose substrate. 

Fig. 5 shows the relation between a current obtained lO 
seconds after application of the voltage and a glucose 
concentration as one of response characteristics of the 
Sensor, revealing a very good linearity. 
Example 2 

The procedure for fabricating the sensor for glucose as 



20 



- 8 - 



0^3.0472 



described in Example 1 was repeated except that the 
thermal treatment after polishing of the carbon electrodes 
was effected at lOO^C, 70^C, 60°C and 50^C, and that the heat 
treatment was not effected, thereby fabricating a plurality 
5 of sensors for each case* These sensors were kept at 30°C 
and their variation in response to the glucose standard 
solution was determined. Fig. 6 shows a variation of a 
response current relative to an initial response current 
taken as 1005s for the sensors using the electrodes thermally 
10 treated at different temperatures. As will be clearly seen 
from the figure, the variation of the response accompanied 
by the storiage is not so great when the treating temperature 
is 60 °C or higher. However, such a variation is great for 
50°C and also for the non-treatment. This is considered to 
15 result from the fact that the exposed surface portion of the 
polished carbon printed electrodes is not stabilized* Uhen 
the electrode surface was not polished, a resipbhse current 
was about 1/3 of that of polished electrodes* The 
difference in response current between the polished and non- 
20 polished electrodes is considered to be attributed to 
partial covering of the carbon surface with a resin 
component contained as a binder in the paste* Polishing can 
remove the resin binder from the carbon electrode surface 
and can uniformly smooth the electrode surface. In 
25 addition, the heat treatment at temperatures not lower than 
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60 preferably 60 - 170 ®Cf for 1-8 hour a permits the 
the exposed electrode portion to become stabilized* 

According to our experiments i when thie heat treatment 
was effected at a temperature of 70 - 150®C for 4 hours, good 
5 results were obtained in that the variation in response 
current atf ter storaQe was very smal 1 • 

Good results cannot be obtained when the heit trejoitment 
is effected at temperatures not higher than 50 °C as 
discussed above* On the contrary t the hteat treetment at 
10 temperatures higher than 170®C should rather be avoided 
because the polyethylene terephthalate substrate of the 
sensor tends to undergo thermal deterioration arid the resin 
binder in the carbon paste is apt to deteriorate* 
Example 3 

15 Similar to the procedure described in Example .1, 

electrodes were formed on an insulative base andf after 
polishing* were thermally treated at 100°C for 4 hours* 
Thereafter, an aqueous solution of alubmin (50 mg/ml } wais 
dropped over the surface of the electrode portions 13', 14' 

20 and 15' and allowed to stand for 5-10 minutes, followed by 
washing with water to remove an excess of the alubmin and 
drying. By the above procedure, the alubmin was adsorbed on 
the respective electrode surfaces* 

After formation of the electrode system partially 

25 covered with the alubmin, sensors for glucose were made in 
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the same manner as in Example 1. 

A ^erum sample containing about 90 mg/dl of glucose was 
dropped in position of the 10 glucose sensors fabricated 
above* After 2 minutes, a pulse voltage of 700 mV was 
5 applied for mieasurement in the same manner as in Example 1. 
Good reproducibility was attained as shown in A in Fig. 7. 
On the other hand, glucose sensors were fabricated in the 
same manner as described above but using electrodes not 
subjiBcted to adsorption with alubmin. These sensor^s were 

10 subjected to measurement in the same manner as set forth 
above. As shown in 8 in Fig. 7, the variation of the 
respoiise current is greater than that of A. A and B are 
both indicative of the response current for 10 glucose 
sensors fabricated in the same manner, but the difference in 

15 reproducibility depending on the adsorption treatment is 

considered to aiscr-ibe to the difference in adsorbabil ity of 
adsorbates, such as proteins, in the serum sample on the 
electrodes. As is seen from A, the electrodes adsorbing 
sufficiently with alubmin can prevent the response current 

20 from scattering. 

Instead of alubmin^ ah aqueous solution of glucose 
oxidase (lOd mg/ml > was used for the treatment in the same 
manner as described above, with the result that the response 
characteristic of a high reproducibility was obtained. 

25 The proteins to be adsorbed should not be construed as 
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limitino to alubmin and olucoso oxidase used in the above 
example. If at least measuring electrode ambho the'" 
electrodes is subjected to the adsorption treatment, similar 
results are obtained. 
5 Example & 

In the same manner as in Example 3, an a lubm in-coated 
electrode system was formed on an insulative base. 
Fig. 8 shows mH exploded view of a sensor prior to 
assembling. A liquid-retaining layer 23 made of a 
10 perforated rayon non-woven fabric is placed, while 

controlling the height by means of two resin plates 22 
serving as a spacer, in order to cover an eleictrode system 
therewith. Then, a filtration layer 21 made- of a 
polycarbonate film and having a pore size of 1 urn is mounted 
15 on the layer 23 and fixed with a holding frame 17. An 

enzyme and electron acceptor-bearing perforated body 18 and 
a sample addition layer 20 made of a cellulose non-woven 
fabric, both in the form of a disk, are plaiced in the hole 
of the holding frame 17, A resin cover having an opening 
20 which has a diameter smaller than the outer diameters of the 
perforated disk body 18 and the sample addition layer is 
adhered, thereby obtaining an integral combination. A 
sectional view of the thus integrally combined biosensor 
taken along the measuring electrode 1 is shown in Fig. 9. 
25 In the same manner as in Example 1, glucose oxidase and 



- 12 - 



■ 0230472 

potassium ferricyanide were incorporated in the perforated 
disk body 18. Glucose sensors using this perforated body 18 
were fabricated. The blood (whole blood) was added to each 
sensor, whereupon it was rapidly spread over and thi^ough the 
5 entire surface of the sample addition layer 20. While the 
enzyme and potassium ferricyanide in the perforated body 18 
were being dissolved in and permitted to react with the 
blood, red cells were filtered by means of the filtriation 
layer 21. The resultant filtrate alone was absorbed in the 
10 liquid retaining layer 23, allowing a reaction solution to 
be collected on the electrode portions 13', lA' and 15' in 
an amount enough to cause the electrode reaction to proceed. 
In this manner, the glucose in the blood reacted in the same 
manner as in Example 1 and a concentration of the glucose ^ 
15 could be detected through the electrode System. 

It will be note>d that the technique of integral 
assembling of a biosensor of the invention id not limited io 
those shown in the examples with respect to the shape and 
combination of the frame, the cover and the like. 
20 The types of materials for the liquid-retaining layer, 

the sample addition layer and the filtration layer are not 
limited to those shown in the examples, but any materials 
which meet the purposes of the invention may be used. 

On the other hand, reference has been made to, in the 
25 above examples, the three-electrode system, but the 
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measurement would be possible using a two-electrode system 
consisting of a counter electrode and a meaisuri rig electrode. 

As for the electron acceptor incorporated in the 
perforated body 18, the potassium ferriCyanide used in 
the examples is convenient because the reaction proceeds 
stably. Oh the other hand, p-benzoquihone is suitable for 
high-speed measurement because of the high reaction rate. 
Alternatively, 2,6-dichlorophenol indophenbl , methylene 
blue, phenazine methosulf ate, potassium beta-naphth6<;uinone- 
A^sulfonate and the like may also be used. 

The sensors described in the examples may be applied 
not only to glucose* but also to systems relating to oxydo- 
reductases, for example, as an alcohol sensor, a cholesterol 
sensor or the like. Glucose oxidase has been used as an 
15 oxydo-reductase, but other enzymes such as, for example, 

alcohol oxidase, xanthine oxidase, cholesterol oxidase and 
the like may also be used* 
INDUSTRIAL UTILITY: 

The biosensor of the invention can be use to measure a 
specific component in various biological liquid samples 
rapidly, accurately and simply and has very high utility in 
clinical examinations. 
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WHAT IS CLAIMED IS: 

1. A biosensor of the type which comprises an 
ihsulati^^e base having an electrode system which 
includes at least a measuring electrode and a counter 
electrode and in which a variation in concentration of a 
substance occurring during reactions between ah oxydo- 
reductaser an electron acceptor and a liquid sample is 
etectrdchemically detected to measure a concentration of a 
substrate in said sample liquid, characterized in that said 
electrode system is made primarily of carbon and is covered 
with a perforated body having said enzyme and said electron 
acceptor and that said perforated body is integrally 
combined with said el ectrode. system and said base* 

2* A biosensor according to Claim 1, wherein said 
electrode system includes the measuring electrode» the 
counter electrode and a reference electrode. 

3. A biosensor according to Claim 1, wherein said 
electrode system is formed by application or printing of a 
carbon paste* 

4. A biosensor according to Claim 1, wherein the 
surface of at least the measuring electrode is covered with 
a protein* 

5* A biosensor according to Claim 4» wherein said 
protein is alubmin or glucose oxidase* 

6* A biosensor of the type which comprises an 
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inaulative base haoiho an electrode exstetn which 
ihcludea at least a measuring electrode and a counter 
electrode and in which a variation in concentration of a 
substance occurring during reactions between ah oxydo- 
reductase > an electron acceptor and a liquid sample is 
etectrochemical ly detected to measure a concentration of a 
substrate in said sample liquid, characterized in that said 
.electrode system is made primarily of carbon and is covered 
with a perforated body having said cnzym* and said electron 
acceptor, a sample addition layer and a liquid-retaining 
layer superposed in this order and that said pefrf orated 
body, said sample-accepting layer and said liquid-retaining 
layer are integrally combined with said base. 

7- A biosensor according to Claim 6, wherein a 
filtration layer is provided on the liquid-retaining layer 
covering said electrode system • 

8. A biosensor according to Claim 6, wherein the 
surface of said electrode system made of a carbon paste is 
covered with a protein ♦ 

9. A biosensor according to Claim 6, wherein the 
electrode system mounted oh said insulative base and 
primarily made of carbon is covered with the liquid- 
retaining layer whose height is regulated with two resin 
plates; a filtration layer, the perforated body and the 
sample addition layerr which are held with a resin holding 
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frame are placed on the liquid-retaining layer, and said 
holding frame is fixed to said base) and a resin power is 
provided on the upper surface of said holding fraiii* and has 
an opening whose diameter is smaller than outer diameters of 
said perforated body and said sample addition layer. 

10. A method for making a biosensor characterized by 
comprising providing an ihsulative base, printing or 
applying a carbon paste oh said base to form art electrode 
system including, at least, a measuring electrode arid a 
counter electrode, polishing the surface of the respective 
electrodes and subjecting the polished electrodes to a 
thermal treatment at a temperature of 60 - 170®C for 1-8 
hours, covering the electrode system with a perforated body 
having an oxydo-reductase and an electron acceptor therein, 
and integrally combining said perforated body with said 
electrode system and said insulative base. 

11. A method for making a biosensor according to Claim 
lO, wherein the thermal treatment is effected at a 
temperature of 70 - 150*^0 for 4 hours. 
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LIST OF REFERENCE NUMERALS IN THE DRAWINGS t 

1 , , support 

2. . • • reagent 1 ayer 

3 developing layer 

4 waterproof layer 

5. 21 •• filtration layers 

6««»» small hole 

7 insul at i ve substrate 

8f 14' measuring electrodes 

9, 13, 13' counter electrodes 

10, 11 leads 

15. 15'*f reference electrodes 

16 insul at ive layer 

17 holding frame 

18 • perforated body 

19 • resin cover 

20 sample-accepting layer 

22 resin plate 

23 liquid-retaining layer 
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